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% BY VOLUME OF TOTAL SAMPLE 


Example showfing use of chart: 


At Moisture Content of 200% 
a saturated soil contains by 
volume 14% Inert soil, 4% or- 
ganic material and 824, water. 
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| NTRODUCT ION 


The problem of constructing highway embankments across 
swamp areas is frequently encountered by the soils engineer. 
Modern design requirements for highway systems make it 
necessary to cross swamp areas that were previously avoided 
by older highways. In urban areas new highways are purposely 
located in the undeveloped swamp areas to avoid high right- 
of-way costs. It is the responsibility of the soils engineer 
to determine the most economical methods of providing a 
suitable foundation for highway embankments in these swamp 
areas. 


CORRELATION OF LABORATORY TEST DATA 


Organic soils may be placed into three general categories- 
(1) soils that contain almost all organic material; (2) soils 
that contain organic material mixed with various amounts of 
inert soil (sand, silt, clay) and (3) inert soils that contain 
small amounts of organic material. 


A’ preliminary correlation was made of the strength and 
consolidation properties of organic soils with the simplest 
classification test available - moisture content. A moisture 
content correlation appeared to be feasible for the following 
reasons: (|) Swamp soils are usually normally loaded under 
light overburden loads and the correlation of structural 
properties with moisture conteft is not complicated by the 
effects of precompression and stii@#ty soil structure. (2) The 
structural properties of organic soils are influenced by the 
proportion of organic material to inert material. The moisture 
content is an indirect measure of this proportion. 


COMPOSITION OF ORGANIC SOILS 


The relative volumes of each soil constituent were 
determined from test data on organic soils and the results 
are shown on Figure |. This chart shows how the relative 
volumes of water, organic material, and inert soil vary with 
moisture content. 


The curves have been divided into three general zones 
described as follows: 


Zone C. - 

In this zone the engineering properties are determined 
by the water and organic material and do not change rapidly 
with a change in moisture content. There is a very gradual 


VI. 


increase in the volume of inert soil with decrease in 
moisture content. It should be noted that a portion of 
the water is likely. contained within the structure of the 
organic particles while the remainder is “free” water in 
the voids. Field experience and laboratory test results 
confirm the above conclusions and also influenced setting 
the lower boundary of Zone C at 120% M.C. 


Zone By-~ 


In this zone there is a rapid increase in the proportion 
of inert soil with a decrease in moisture content. (eight 
times the rate for Zone C). The engineering properties are 
determined by the type and proportion of inert soil and improve 
with a decrease in moisture content. 


Zone A,- 


Soils in this zone are fine sands and silts containing 
small amounts of organic. The organic material does not 
strongly effect the structural properties of the soil. 


STRENGTH PROPERTIES OF ORGANIC SOILS 


The results of the correlation are presented in Figure 2. 
Each type of organic soils is indicated for the general range 
of moisture contents at which it is found in nature. Inert 
soils underlying organic deposits are also included as these 
soils are usually in a loose or soft condition and sometimes 
present foundation problems. 


CONSOLIDATION PROPERTIES OF ORGANIC SOILS 


The results of the correlation are presented in Figure 38. 
Additional data is included in the appendix for estimating 
settlement in organic soils based on soil identification and 
moisture content. 


ESTIMATING SUITABILITY OF ORGANIC SOILS FOR HIGHWAY EMBANKMENT 
FOUNDATIONS, 


Figure 4 is a summary of the suitability of the various 
types of organic soils for highway embankment foundations based 
on soil identification and moisture content. 


This chart has been used successfully in New York State 
for the following types of problems: 


|. Preliminary Cost Estimate of Swamp Crossings 


First the soil profile is determined by auger or 
retractable sampler explorations. Moisture contents tests 
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are conducted on representative samples. The estimated 
stabilization treatment is determined from Figure 4 and 
quantity-cost estimates submitted to the highway designer. 
The designer may determine if alternate alignments around 
the swamp will be more economical. Often other areas of 
the swamp are explored to seek more favorable foundation 
conditions. 


This method of approach allows the economics of swamp 
crossings to be given full consideration before the design 
has progressed to the stage where it becomes difficult 
and expensive to change the line. 


Field Determination of Lower Excavation Limit for 
Unsuitable Organic Material. 


Excavation of unsuitable organic material is usually 
carried to depths to where “firm bottom” is reached by 
the excavating equipment. In many swamps the unsuitable 
organic soil is underlain by loose silts and fine sands which 
appear to be “unsuitable” when excavated through water 
(Zone A Soils). However, if these soils are left in place 
they will consolidate rapidly and have adequate shear 
strength to support embankments. Moisture content tests 
on auger hole samples or relatively undisturbed samples 
from the excavation will allow the field engineer to 
determine the necessary depth of excavation. The amount 
of money that can be saved by using this method of exca- 
vation control can be considerable. Recently a problem 
of this type was encountered in the construction of a 
major highway in the New York City area that traversed a 
shallow tidal marsh I-1/2 miles in length. The upper four 
feet of the swamp was unsuitable organic material that 
had to be removed. The organic material was underlain by 
four feet of clayey silt that was loose and wet but would 
have adequate stability to support the embankment. 


When the excavation operation began, the lower four feet 
of material was excavated because it appeared to be 
“unsuitable” and excavation was carried to firm bottom. 

An excavation control system was set up for the field 
engineers. AIIl sofl with a moisture content less than 

40% was to be left in place. Shallow auger holes were 

made ahead of the excavation operation; moisture content 
tests were made on the samples; and the depth of excavation 
was established on the cross sections. The excavation 
operation was completed successfully without overrunning 
the quantity estimate. 
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On this contract the cost of muck excavation and 
granular backfill was $3.90 per cubic yard. For this 
long swamp the quantity of each foot of excavation in 
depth over the entire area was 70,000 cubic yards. 
Therefore each foot tn depth of overexcavation would have 
cost $270,000. The savings im unnecessary excavation 
and backfill on this project is estimated to be over 
$500,000. 
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METHOD FOR ESTIMATING: SETTLEMENT IN ORGANIC 
SOILS BASED ON SOIL IDENTIFICATION AND 
~ MOISTURE CONTENT 


Method for Estimating Settlement 
(2) Secondary Consolidation - Continued - 


creasing organic content. There is considerable uncertainty 
and disagreement as to the best method of analyzing secondary 
settlement. | 
a Determine time for 90% consolidation. 
(b) Fige 6 shows secondary settlement expressed in percent 
of layer thickness. Enter appropriate curve at time 
for 90% primary consolidation and determine additional 
secondary consolidation. This method is an approxima-}| 
tions | 


(3) Time for Primary Consolidation 


. The basic equation for time-rate is 


ti TH? 


a 
n 


de Cy Cement) 


T = Time Factor .848 for 90% Cons. 
st87 for 50% Cons, 
H = Maximum drainage path distance 
Cy = Coefficient of consolidation (ft.2/day) - approximate 
values in Fige |e This value is very difficult to 
estimate 
380.4 = Conversion factor to give time in months 


(4) Reminder - Before going through this analysis, check stability} 
| of embankment. A settlement analysis is useless 
if the soil is going to be displaced. 
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METHOD FOR ESTIMATING SETTLEMENT IN ORGANIC 
SOILS BASED ON SOIL IDENTIFICATION AND 
MOISTURE CONTENT 


A. Basis for Correlation 


(1) The consolidation characteristics of organic soils are largely 
influenced by the amount of organic material in the soil. 

(2) The physical properties and consolidation characteristics may 
be correlated to moisture content without excessive variations 
from the average. 

(3) Swamp soils are usually normally loaded and correlation is not 
complicated by the effects of precompression. 


B. Method for Estimating Settlement 
(1!) Primary Consolidation 
Primary consolidation is the decrease in soil volume caused 


by the flow of pore water from the soil under an applied load. 
a) The basic formula for computing primary settlement is: 


A = HCe log Pot AP 
— oo a 
where 
A = Total Settlement 
Co = Compression Index - see Correlation Curve | - Fig. 3A 
e = Void Ratio - see Correlation Curve 3 - Fige 4A 
Po = Overburden pressure determined from Correlation 
Curve 2 - Fig. 3A 
NOTE: For soils under water table, use submerged 
unit weight determined from wet density 
(PCF) minus 62.4 PCF. Use minimum Po of 200 
PSF for peat deposits or settlements will be 
unrealistically large. 
AP = Applied embankment load 


(2) Secondary Consolidation 


Secondary consolidation is the continuous long-time settle- 
ment that occurs in organic soils after the primary settlement 
is completed. It is believed to be a readjustment of the soil 
structure and is sometimes described as a plastic flow. The 

- magnitude of secondary settlement increases rapidly with in- 
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MEMORANDUM 
DATE March 10, 1976 DEPARTMENT OF TRANSPORTATION 


susject  OVERSTRESS ANALYSIS ON SENSITIVE CLAYS 


FROM R. L. Gemme 


TO V. C. McGuffey qua 


As we discussed, I have prepared the following guide to running 
overstress stability analysis on sensitive clays. 


Overstress Stability Analysis 
Applicability 


Progress overstress analysis when clay is sensitive and shearing 
stress at any point exceeds shearing strength. 


Procedure —- 1. Check for Clay Sensitivity 


- High moisture content clays with liquid limit 
exceeding moisture content by at least 102. 

- Unusually sharp break in the shear stress- 
strain curve. 

- Ultimate strength is less than 80 percent of 
peak strength. 

- Larger than normal pore pressure build-up 
during shear strength test. 


2. Check for Overstress 


- Plot shear stress with depth from chart on page 5-12 
of design manual and compare to shearing strength 
with depth. The zone of overstress at time equals 
zero after embankment construction is where the 
shearing stress exceeds the shearing strength. This 
zone of overstress increases with time due to loss 
of shearing strength (ultimate strength) in the 
overstressed zone. The loss in strength continues 
until the net difference between the shearing stress 
and ultimate shearing strength is equal to zero 
(see Fig. No. 1) i.e. where 
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V. C. McGuffey 
March 10, 1976 
Page Two 


From experience ultimate shearing strength has been 
found to be in the order of 0.75 times the maximum 
shearing strength for sensitive New York clays. 

The limits of overstress increase with time as 
indicated above from undrained stress distribution. 
However consolidation and strength gain also increase 
with time depending on the rate of embankment 
construction and soil coefficients of consolidation. 
This tends to decrease the zone of overstress with 
time. These two rate processes are opposite in 
effect. To complicate matters comparatively large 
strains occur in the overstressed zone causing 
decrease in permeability which affects consolidation 
and ultimate strength gain. 


Since sensitive soils are usually very slow 
consolidating and it is difficult to determine 
ultimate strength gain effects, strength increase 
due to consolidation should be neglected in the 
final analysis. 


3. Pregress overall stability analyses by the Bishop 
method utilizing design shear strength as obtained in 
Figure No. l. 


References, Maximum Shearing Stress Charts = 


1) BSM Design Book Pg. 5-12 

2) Plastic Charts, BSM Foundation Design Section Files 

3) Navdocks pg. 7-5-1 

4) Burmister Charts, HRB, Proceedings of 35th Annual Meeting, 1956 

6) The Application of Theories of Elasticity and Plasticity to 
Foundation Problems. Leo Jurgenson, Journal of the Boston Society 
of Civil Engineers, July, 1934. 

7) Poulos, H.G. & E.H. Davis "Elastic Solutions for Soil and Rock 
Mechanics," John Wiley & Sons, 1974. 
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